†Theses authors contribute equally to this work. . Only a handful of ferromagnetic superconductors are known in heavy fermion systems [3][4][5] , where many-body electron interactions promoted by the narrow energy bands play a key role in stabilizing these emergent states. Recently, interaction-driven superconductivity and ferromagnetism have been demonstrated as separate phenomena in different density regimes of flat bands enabled by graphene moiré superlattices [6] [7] [8] [9] . Combining superconductivity and magnetism in a single ground state may lead to more exotic quantum phases. Here, employing van der Waals heterostructures of twisted double bilayer graphene (TDBG), we realize a flat electron band that is tunable by perpendicular electric fields. Similar to the magic angle twisted bilayer graphene, TDBG exhibits energy gaps at the half and quarter filled flat bands, indicating the emergence of correlated insulating states. We find that the gaps of these insulating states increase with in-plane magnetic field, suggesting a ferromagnetic order. Upon doping the ferromagnetic half-filled insulator, superconductivity emerges with a critical temperature controlled by both density and electric fields. We observe that the in-plane magnetic field enhances the superconductivity in the low field regime, suggesting spin-polarized electron pairing. Spin-polarized superconducting states discovered in TDBG provide a new route to engineering interaction-driven topological superconductivity Moiré superlattices of two dimensional (2D) van der Waals (vdW) materials provide a new scheme for creating correlated electronic states. By stacking atomically thin vdW layers with a controlled twist angle θ between them, the size of the moiré unit cell can be tuned [11] [12] [13] . In particular, in twisted bilayer graphene (TBG), the weak interlayer coupling can open up energy gaps at the boundary of the mini-Brillouin zone, which modifies the energy band-width of the coupled system. Theoretically, it has been predicted that around θ ≈1.1
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since the internal magnetic field generated in a magnet suppresses the formation of spin-singlet Cooper pairs in conventional superconductors 2 . Only a handful of ferromagnetic superconductors are known in heavy fermion systems [3] [4] [5] , where many-body electron interactions promoted by the narrow energy bands play a key role in stabilizing these emergent states. Recently, interaction-driven superconductivity and ferromagnetism have been demonstrated as separate phenomena in different density regimes of flat bands enabled by graphene moiré superlattices [6] [7] [8] [9] . Combining superconductivity and magnetism in a single ground state may lead to more exotic quantum phases. Here, employing van der Waals heterostructures of twisted double bilayer graphene (TDBG), we realize a flat electron band that is tunable by perpendicular electric fields. Similar to the magic angle twisted bilayer graphene, TDBG exhibits energy gaps at the half and quarter filled flat bands, indicating the emergence of correlated insulating states. We find that the gaps of these insulating states increase with in-plane magnetic field, suggesting a ferromagnetic order. Upon doping the ferromagnetic half-filled insulator, superconductivity emerges with a critical temperature controlled by both density and electric fields. We observe that the in-plane magnetic field enhances the superconductivity in the low field regime, suggesting spin-polarized electron pairing. Spin-polarized superconducting states discovered in TDBG provide a new route to engineering interaction-driven topological superconductivity Moiré superlattices of two dimensional (2D) van der Waals (vdW) materials provide a new scheme for creating correlated electronic states. By stacking atomically thin vdW layers with a controlled twist angle θ between them, the size of the moiré unit cell can be tuned [11] [12] [13] . In particular, in twisted bilayer graphene (TBG), the weak interlayer coupling can open up energy gaps at the boundary of the mini-Brillouin zone, which modifies the energy band-width of the coupled system. Theoretically, it has been predicted that around θ ≈1.1
• (the so-called magic-angle (MA)), the interlayer hybridization induces isolated flat bands with drastically reduced bandwidth and enhanced density of states 14 . Recent experiments performed in MA-TBG indeed confirmed the appearance of correlated insulating states associated with the flat band 6 . Surprisingly, it has also been discovered that upon doping the half-filled insulator in MA-TBG, superconductivity appears, phenomenologically resembling high temperature cuprate superconductors whose undoped parent compounds are Mott insulators 15 .
In TBG, the value of the MA is governed by the individual layer band structure and interlayer coupling strength. While the mechanism of superconductivity in the moiré superlattice is under debate [16] [17] [18] [19] [20] [21] , continuous tuning of the superlattice band structure across the MA condition will provide experimental control to elucidate the correlated electronic states. However, to date, such an experimental control is largely achieved by fabricating samples with different twist angles, and only very limited tunability has been demonstrated in TBG by application of hydrostatic pressure 8, 22 . In ABC trilayer graphene/hBN superlattice, electric field was shown to modulate the correlated insulator gap 23 , opening up the possibility of easy tuning of the moiré flat band with electric field. Here, we demonstrate electric field-tunable moiré flat bands in twisted double bilayer graphene (TDBG), consisting of two Bernal-stacked bilayer graphene sheets misaligned with a twist angle (Fig. 1a) . Unlike monolayer graphene, the band structure of Bernal-stacked bilayer graphene itself can be tuned by a perpendicular displacement field D
24
. As |D| increases, the parabolic band touching at charge neutrality of bilayer graphene opens up a gap and the bottom (top) of the conduction (valance) band develops a shallow Mexican-hat energy dispersion distorted by trigonal warping 25 . The gap in the bilayer graphene can be as big as 200 meV for large |D| before the gate dielectric breaks down 26 . In TDBG, where two bilayers are stacked, this addi-tional band adjustment changes the energy dispersion of each constituent bilayer, allowing a new experimental knob to tune the flat band condition. Fig. 1c shows rearranged moiré band structures computed at finite D using the continuum model approximation 14, [27] [28] [29] . We find that well-isolated narrow conduction band can appear in a range of twist angle θ , where the inter-band energy gaps and bandwidth can be controlled by the displacement field (see Supplementary Information (SI) S1 for detail).
We fabricated TDBG devices by tearing and stacking Bernal stacked bilayer graphene 30, 31 . Separated by hexagonal boron nitride from TDBG, top and bottom graphite gates with voltages V T G and V BG are used to control the density of electrons n and D independently:
is the capacitance between TDBG and the top (bottom) gate. Fig. 1d shows the four-probe resistivity ρ measured in the TDBG with θ = 1.33
• as a function of V T G and V BG at temperature T = 1.6 K. Generally, ρ exhibits several insulating states where the corresponding conductance σ = ρ −1 vanishes as temperature T decreases (Fig. 1g) , suggesting gap opening at the Fermi level of the system. Some insulating regions identified in Fig. 1d can be explained in the single particle band structure described in indicates an order of magnitude narrower band width than folded bilayer graphene bands especially for c 1 band in this regime of gate configurations. Calculations based on a continuum model (Fig. 1c) demonstrate the existence of a isolated flat band at this twist angle under displacement field (theoretical bandwidth is around 10∼15 meV), providing a qualitative agreement with the experimental results (SI, S1).
In the single particle band structure, we expect a narrow but uninterrupted spectrum within the lowest moiré conduction band (c 1 ), separated by band gaps from both the valance band (v 1 ) and higher conduction band (c 2 ) for D 1 < |D| < D + 2 . However, we observe development of well-defined insulating behavior at half-filling n = n s /2 (Fig. 1d, f) . The onset of this insulating state coincides with D 1 . However, this state ends well before D reaches D + 2 , suggesting both the isolation and flatness of the band are responsible for creating the observed correlated gap (SI, S2).
The absence of correlated insulating behavior in the hole-doped regime in similar experimental conditions can also be explained by the wider band width in the moiré valance band v 2 than that of c 1 (SI, S1).
We measure the size of the gaps from temperature-dependent activating behavior of ρ (Fig. 1g inset). For θ = 1.33
• TDBG, the half-filled insulator is robust with an energy gap of ∆ ns/2 = 3 meV and persists up to a perpendicular magnetic field B ⊥ ≈ 7 T (SI, S3.2). Since c 1 band is spin and valley degenerate in a single particle picture, the correlated insulator we observed in the half-filling is likely polarized in the spin-valley space. Applying in-plane magnetic field B can probe the spin structure of the state without significant coupling to the valley. In MA-TBG, it has been shown that B reduces ∆ ns/2 , suggesting that the half-filled insulator is a spinunpolarized state. Fig. 1e shows the change of ρ as a function of B in our TDBG sample. We find that the half-filled insulating state becomes more insulating as B increases (Fig. 1g inset) and the displacement field range where the half-filled insulator spans also enlarges (Fig. 1e ). More quantitatively, we find the activation gap ∆ ns/2 increases with B for the half-filled insulating state. The growth of ∆ ns/2 roughly follows the Zeeman energy scale gµ B B where µ B is the Bohr magneton and the effective g-factor g = 2 (dotted line in Fig. 1h ). This observation is consistent with a picture where the occupied states (half of the states in c 1 ) are spin-polarized along the direction of the external magnetic field. The unoccupied states then carry the opposite spin, separated by a spontaneous ferromagnetic gap. Considering spin-1/2, the Zeeman term lowers the energy of filled states ∆E ↓ = −gµ B B/2, while boosting the energy of empty states with opposite spins by ∆E ↑ = gµ B B/2, pushing the two bands further apart and enhancing the gap (as illustrated by Fig. 1h insets) .
Applying B also induces additional correlated insulating states at quarter-filling (n = 1 4 n s ) and three-quarter-filling (n = 3 4 n s ), which are absent at zero magnetic field. As shown in the upper panel of Fig. 1e , these insulating states are more fragile than the half-filled insulating state as they are stabilized in narrower displacement field ranges. The quarter-filled insulating gap opens at B ≈ 4 T and increases as B increases (Fig. 1h) . Considering that the full bands are spin and valley degenerate, these quarter-filled (or quarter-empty) states are presumably polarized in spinvalley phase space. While the details of the mechanism and the texture of the spin/ valley structure is yet to be investigated, the fact that the energy gaps corresponding to these states increase approximately with gµ B B suggests that the corresponding insulating states are spin polarized as illustrated in the upper inset of Fig. 1h . (Fig. 3b) . We also note that the single particle gap ∆ n S between c 1 and c 2 decreases linearly with Zeeman energy with g-factor of 2 ( Fig. 3b) . This behavior can be explained by splitting and down-shifting of spin-aligned states in c 2 and up-shifting of spin-anti-aligned states in c 1 , providing additional confirmation of spinpolarization of the c 1 band, as illustrated in Fig. 3b inset.
Upon doping electrons in the half-filled insulator, we discover superconductivity in the θ = 1.24
• sample. Fig. 2b shows the temperature dependent ρ measured at several different gate configurations marked in Fig. 2a with corresponding colored symbols. We find that the superconductivity appears within the upper right side of the half-filled insulator region in Fig. 2a, surrounded by a half-circle ring of high ρ values ( 0.5 kΩ). In the center of this superconducting half-circle region (D = D m ≈ 0.38 V/nm and n = n m ≈ 2n s /3), the observed superconductivity is strongest: ρ(T ) rapidly drops around T = 6 K and reaches zero at T ≈ 3.5 K (black line in Fig. 2b) . At finite bias, a typical current-voltage (I-V ) curve for superconductors is observed (Fig. 2c) . By fitting the I-V curves with V ∝ I α , we extract the Berezinskii-Kosterlitz-Thouless (BKT) transition temperature T BKT ≈ 3.5 K, defined at α(T ) = 3 ( Fig. 2c inset) 2 .
We find that the superconductivity in TDBG sample can be tuned by both density and displacement field. In Fig. 2d , we show ρ(T ) as a function of n at a fixed D = D m . A dome region of superconductivity can be recognized next to the half-filled insulator (n = n s /2), similar to the one seen in MA-TBG, but with a much larger temperature scale. At the optimal doping (n = n m ), the superconductivity observed in TDBG also weakens away from the optimal displacement field In this ferromagnetic superconductor, parallel magnetic field enlarges the majority spin Fermi surface, and strengthens the superconductivity, inducing the change of critical temperature ∆T c ∝ B.
The eventual destruction of superconductivity at high magnetic field can result from the following mechanism. Magnetic flux in between layers leads to a momentum shift which has opposite sign in the two valleys, thereby bringing the two pairing Fermi surfaces out of alignment. The latter effect is expected to reduce the critical temperature, ∆T c ∝ −B Supplementary Information S1 Theoretical band structure of twisted double bilayer graphene Fig. S1 shows the evolution of the moiré band structure with increasing D. The band structure of TDBG with Bernal-stacked bilayers is obtained as the following. In TDBG, each bilayer graphene has a tight-binding Bloch Hamiltonian at a momentum k given by
which is labelled in the order of A 1 , B 1 , A 2 , B 2 sites of the top (1) and the bottom (2) Bernal stacked bilayer graphene.
2) with a = 1.42Å. In particular, the electrostatic energy difference U between top and bottom-most layers is an important tuning parameter controlled by D. With this Hamiltonian, one can follow the continuum model approach in Ref. [2] to calculate the moiré band structure.
In the numerical simulation, we use phenomenological parameters (γ 0 , γ 1 , γ 3 , γ 4 , ∆) = (2610, 361, 283, 138, 15) meV (2) obtained from Ref. [1] . Compared to TBG, TDBG has additional parameters γ 1 , γ 3 (trigonal warping), γ 4 (particle-hole asymmetry) and ∆, in addition to γ 0 (nearest-neighbor hopping).
Here, γ 1 and ∆ are the inter-layer hopping and the on-site energy at A-B stacked sites where the A-site of the first layer (A 1 ) sits on top of the B-site of the second layer (B 2 ), respectively.
Although these parameters are much smaller than γ 0 , they are important to understand the experimental data. Particularly, for vanishing U , a finite value of γ 3 yields a larger bandwidth and overlap between c 1 and v 1 . This is why the system is metallic at CNP and there is no magicangle condition at D = 0. Furthermore, γ 4 and ∆ give rise to the electron-hole asymmetry.
Due to these terms, the bandwidth of v 1 is much larger than that of c 1 , resulting in smaller band isolation for v 1 . See Fig. S1 for the comparison. For the moiré hopping parameters, (w 0 , w 1 ) = (0.08, 0.1) eV is used to account for the relaxation effect described by Ref. [3] . • device. Line A cuts through the half-filled insulator n = n s /2. Line B cuts through a low resistance area next to the half-filled insulator, which shows that the resistance drops with decreasing temperature but does not go to zero. The Landau fan from the charge neutral point exhibits well-developed quantum Hall (QH) states with four fold degeneracy on the valence band side under low magnetic fields, and subsequently develops the full degeneracy-lifted QH states under higher magnetic fields. The Landau fans on the conduction band side (n>0) is highly unusual. The fan from the charge neutral point exhibits only an sequence of odd filling fractions ν = 3 and 5. While the fan coming from the correlated insulating state at half-filling shows a degeneracy of two, consistent with the picture of a spin-polarized half-filled band, the sequence is also of odd numbers ν = 3, 5 and 7. There is also one QH state ν =3 projected down to quarter-filled conduction band, suggesting spinvalley polarization and possibly non-zero Chern numbers associated with this band. Further study is required to clarify these experimental observations. Above a perpendicular magnetic field of 7 T, the half-filled insulator disappears, presumably due to the orbital effect of the perpendicular magnetic field.
S3.2 Landau Fan diagram
n(cm
S3.3 Effective mass calculation
We calculate the effective cyclotron mass from temperature dependent magnetoresistance (SdH)
oscillations. The cyclotron mass is a measure of density of state and thus directly related to the Landau level separation (cyclotron gap) under a given magnetic field. As temperature rises, SdH oscillation amplitude is reduced following
We measured SdH oscillation at all densities between filling factor n/n S = -1 and 1, at T= 0.3, 2, 3, 4, 6, 9, 14 K (example: Fig. S5a-c) . We then extracted the oscillation amplitudes and plot them as a function of T /B. Fitting ∆R(T /B) with the above formula with m * being the only fitting parameter, we obtain the effective cyclotron mass shown in main text. 
S4 Large twist angle θ = 2
• sample In the samples with larger twist angles (θ = 1.9
• and 2 • ), we do not observe signs of correlated insulators nor superconductivity (Fig. S7) , despite that isolated conduction and valance band persist over most of the displacement field range experimentally accessible. At zero displacement field, there is a gap between conduction and valance band, which closes and reopens as displacement field increases. This gap closing and openning is explained by the numerical calculation as well [4] . The absence of correlated insulator states is presumably due to the absence of flat bands (numerically calculated bandwidth is about 80 meV). Under a small perpendicular magnetic field (B ⊥ = 1 T), a slight increase of resistance appears near half-filling of the valance band. However, this sample never exhibits a fully insulating behavior at half-filling under our experimental conditions. However, we emphasize that the contact transparency in this device remains excellent in the gate range we focused on in the main text ( Fig. 2 and Fig. 3 ) (marked by dashed square region in Fig. S8 ), since both channel and contact regions remain in the same polarity of carriers. 
S5.2 Transport behaviors outside the superconducting ring
The temperature dependence of resistivity outside the superconducting ring does not exhibit transitioning behaviors (curve 1-4 in Fig. S9b&c ). Unlike the sharp superconducting transitions observed inside the ring (curve 6-8 in Fig. S9b&c ), the resistivity outside the ring increases roughly linearly with increasing temperatures. As the displacement field moves away from the ring, the temperature dependence become even weaker (curve 1 in Fig. S9b&c ). One possible cause of this low-resistivity behavior is ballistic transport of carriers. As the displacement field deviates from the flat band condition, the band becomes more dispersive with a finite group velocity, and thus ballistic transport could occur similar to that in a single bilayer graphene at low temperatures [5] . In the multi-terminal ballistic transport regime, one may expect very low (or even negative) voltage readings between the voltage probes depending on the mesoscopic coupling between the contacts. As temperature rises, electron-phonon scattering causes the resistivity to increase gradually. ( V)   T=3K  T=5K  T=7K  T=11K  T=15K  T=21K outside the ring We conducted some more analysis to demonstrate the enhancement of the superconductivity due to parallel magnetic field in the low magnetic field regime. Fig. S14 shows a typical resistance v.s temperature profile in the superconducting phase. We can define several transition temperatures from the ρ-T curve. For example, we can draw a tangent line where the slope of the ρ-T curve is the largest, and we can extract the x-intercept of the tangent line and define T intercept , which shows a non-monotonic behavior similar to T 50% and T BKT . We can also measure differential resistance dV /dI under different parallel fields. Fig. S15 shows clearly that the critical current (the transition between the white to red colored regimes) becomes larger as parallel field increases in the low field limit. This is another evidence that the superconductivity is strengthened by a small parallel magnetic field. field, as can be seen from the evident inverse bell shape. At even larger fields, a resistivity peak develops at zero bias current, suppressing the superconductivity.
